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SYSTEM AND METHOD FOR PERFORMING The DBFIB device 110 can obtain a parallel - sided sample 
NANO BEAM DIFFRACTION ANALYSIS from a semiconductor wafer . This specimen geometry 

removes thickness variations contained within the sample . 
CROSS - REFERENCE TO RELATED The TEM / NBD device 120 may obtain strain data with 

APPLICATIONS 5 about 5 nm spatial resolution and a 0.1 % strain sensitivity . 

ence . 

15 

SUMMARY The present Application is a Continuation Application of 
U.S. patent application Ser . No. 15 / 908,400 , filed on Feb. 
28 , 2018 , which is a Continuation Application of U.S. patent In view of the foregoing and other problems , disadvan 
application Ser . No. 15 / 199,350 , filed on Jun . 30 , 2016 ( Now 10 tages , and drawbacks of the aforementioned conventional 

devices and methods , an exemplary aspect of the present U.S. Pat . No. 9,978,560 ) , and incorporated herein by refer invention is directed to a system and method of performing 
nano beam diffraction ( NBD ) analysis which may provide 
diffraction data having a sensitivity which is less than 0.1 % . BACKGROUND OF THE INVENTION An exemplary aspect of the present invention is directed 
to a system for performing nano beam diffraction ( NBD ) Field of the Invention analysis , including a focused ion beam ( FIB ) device for 
preparing a transmission electron microscopy ( TEM ) The present invention relates to a system and method for sample , a broad beam ion mill for milling the TEM sample 

performing nano beam diffraction ( NBD ) analysis and , more 20 to remove a surface portion of the TEM sample , and a strain 
particularly to a system and method of performing NBD analyzer for performing NBD analysis on the milled TEM 
analysis which includes additional thinning of a focused ion sample to acquire diffraction data . 
beam ( FIB ) prepared transmission electron microscopy Another exemplary aspe of the present invention is 
( TEM ) sample . The additional milling is done to remove a directed to a method of performing nano beam diffraction 
damaged portion of the TEM sample . 25 ( NBD ) analysis , including preparing a transmission electron 

microscopy ( TEM ) sample , milling the TEM sample to 
Description of the Related Art remove a surface portion of the TEM sample , and perform 

ing NBD analysis on the milled TEM sample to acquire 
Convergent beam electron diffraction ( CBED ) , nano diffraction data . 

beam electron diffraction ( NBD ) , dark field holography , and 30 Another exemplary aspect of the present invention is 
experimental / modeling electron diffraction contrast imaging directed to a system for performing nano beam diffraction 
( EDCI ) techniques are all valid ways to measure strain in ( NBD ) analysis , including a focused ion beam ( FIB ) device 
single crystalline materials such as those found in semicon for preparing a parallel - sided transmission electron micros 
ductor devices . copy ( TEM ) sample , a broad beam ion mill for milling the 
Of these , NBD has become one of the preferred methods 35 TEM sample to remove a surface portion from two parallel 

for performing this type of analysis due to its relative ease sides of the parallel - sided TEM sample which has been 
of use and relatively straight forward interpretation . At damaged by the FIB device and expose an underlying 
NBD's fundamental level it looks at relative changes in surface , the removed surface portion of the TEM sample can 

range in thickness from 1 nm to 45 nm , and a strain analyzer atomic planes in a single crystalline material by looking at 40 for performing NBD analysis on the milled TEM sample to the displacement of diffraction spots in diffraction patterns acquire diffraction data on the underlying surface , ideally the compared to a reference pattern . strain analyzer using a TEM camera image resolution of at The spacing between the diffraction spots in a diffraction least 4000x4000 pixels to acquire the diffraction data ( al pattern directly correlate to the spacing between crystallo though it could be as few as 250x250 pixels ) , such that the graphic planes in the crystalline material generating the 45 diffraction data comprises a sensitivity which is less than pattern . The reference diffraction pattern is typically 0.1 % . obtained from an unstrained region within the sample . It is Another exemplary aspect of the present invention is then straightforward to calculate the strain ( or lattice mis directed to a method of performing nano beam diffraction match if multiple single crystalline materials are involved ) ( NBD ) analysis , including preparing a parallel - sided FIB of all the other diffraction patterns with respect to the 50 transmission electron microscopy ( TEM ) sample , further reference where strain ( ) is : milling the TEM sample to remove a surface portion from 
two parallel sides of the parallel - sided TEM sample which E = AL / Lo = ( L1 - L ) / LO has been damaged by the preparing of the FIB TEM sample 

where Lo is the distance between the diffraction spot of and expose an underlying surface , the removed surface 
interest and the directly transmitted spot in the reference 55 portion comprising a thickness in a range from 1 nm to 45 
diffraction pattern , L , is the distance between the diffraction nm , and performing NBD analysis on the milled TEM 
spot of interest and the directly transmitted spot in the sample to acquire diffraction data on the underlying surface , 
experimental diffraction pattern , and AL is the difference by using a TEM camera image resolution of at least 4000x 
between L , and Lo . 4000 pixels , such that the diffraction data comprises a 

FIG . 1 illustrates a related art system 100 for performing 60 sensitivity which is less than 0.1 % . 
nano beam diffraction ( NBD ) analysis . Another exemplary aspect of the present invention is 
As illustrated in FIG . 1 , the system 100 includes a dual directed to a method of performing strain analysis . The 

beam focused ion beam ( DBFIB ) device 110 for preparing method includes performing a first NBD analysis on a milled 
a transmission electron microscopy ( TEM ) sample extracted TEM sample from a strained region of a structure to acquire 
from a structure ( e.g. , a semiconductor structure ) , and a 65 diffraction data , performing a second NBD analysis on a 
TEM / NBD device 120 for performing NBD analysis on the milled reference TEM sample from an unstrained region of 
TEM sample to acquire diffraction data . the structure to acquire reference diffraction data , and com 
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paring the diffraction data from the first NBD analysis with electron microscopy ( TEM ) sample with increased nano 
the reference diffraction data from the second NBD analysis beam diffraction ( NBD ) sensitivity of less than 0.1 % . In 
to determine an amount of strain in the milled TEM sample . particular , it would be useful if improvements in sensitivity 
With its unique and novel features , the present invention could be obtained while preserving the current TEM sample 
provides a system and method of performing nano beam 5 preparation process . 
diffraction ( NBD ) analysis which may provide diffraction Precession electron diffraction ( PED ) TEM techniques 
data having a sensitivity which is less than 0.1 % . may be able to achieve better sensitivity than conventional 

TEM NBD analyses , but these techniques require additional 
BRIEF DESCRIPTION OF THE DRAWINGS hardware and software on a TEM . 

Further , related art systems and methods such as the 
The foregoing and other objects , aspects and advantages related art system in FIG . 1 ( e.g. , conventional FIB prepared 

will be better understood from the following detailed samples ) , cannot provide strain sensitivity much less than 
description of the embodiments of the invention with refer 0.1 % . This limit on sensitivity is due to several factors 
ence to the drawings , in which : including the damage to the TEM sample surfaces caused by 

FIG . 1 illustrates a related art system 100 for performing 15 the conventional FIB ( e.g. , DBFIB ) TEM sample prepara 
nano beam diffraction ( NBD ) analysis ; tion . 

FIG . 2 illustrates a system 200 for performing nano beam The layer of damage to the surface of TEM samples which 
diffraction ( NBD ) analysis , according to an exemplary is caused by FIB is proportional in depth into the sample to 
aspect of the present invention ; the accelerating voltage of the incident gallium ( Ga ) ions . 

FIG . 3 illustrates a TEM sample S ( e.g. , parallel sided 20 This relationship is about 1 nm per kV . 
sample ) which has been separated from the structure 300 It is common practice to finish a TEM sample with 2-5 kV 
( e.g. , semiconductor device ) by the FIB device 210 , accord Ga ions and strain samples are typically around 100 nm 
ing to an exemplary aspect of the present invention ; thick . As a result , about 5-10 % of the final sample thickness 

FIG . 4 illustrates the TEM sample S , according to an is structurally damaged — the crystalline lattice of the mate 
exemplary aspect of the present invention ; 25 rials in the sample has been amorphized or otherwise 

FIG . 5 illustrates a strain analyzer 520 ( e.g. , a TEM / NBD distorted . These damage layers may introduce a subtle 
instrument ) , according to an exemplary aspect of the present artifact into the NBD patterns which worsen the sensitivity 
invention ; of the technique . 

FIG . 6 illustrates a method 600 of performing nano beam The inventors have discovered that it may be possible to 
diffraction ( NBD ) analysis , according to an exemplary 30 improve the NBD strain sensitivity to be less than 0.1 % , by 
aspect of the present invention ; removing the damage layers on the sample by preparing the 

FIG . 7 illustrates a method 700 of performing strain TEM sample ( e.g. , by an in - situ method ) in the FIB and 
analysis , according to an exemplary aspect of the present subsequently removing a surface portion of the TEM sample 
invention ; ( e.g. , the Ga damaged material ) with a broad beam ( e.g. , 

FIG . 8A illustrates a bright field TEM image of a semi- 35 about 1 um ) ion beam in another sample preparation tool . 
conductor finFET gate ( e.g. , test structure ) , according to an Thus , an exemplary aspect of the present invention may 
exemplary aspect of the present invention ; apply a broad beam ion mill after conventional FIB prepa 

FIG . 8B illustrates the same finFET gate as a DFSTEM ration to remove that damaged layer on the surface of the 
image , according to an exemplary aspect of the present specimen , to improve the NBD strain sensitivity . This exem 
invention ; 40 plary aspect may overcome the deficiencies of the related art 

FIG . 8C illustrates a NBD pattern generated by the systems and methods and achieve a strain sensitivity by 
analysis on the same finFET gate illustrated in FIGS . 8A and NBD on the order of 0.08 to 0.07 % which represents a 
8B using 4 kx4 k resolution , according to an exemplary 15-20 % improvement over the related art systems and 
aspect of the present invention ; and methods . 

FIG . 9 provides a graph which plots the standard devia- 45 FIG . 2 illustrates a system 200 for performing nano beam 
tion of the NBD measurements in the tests performed by the diffraction ( NBD ) analysis , according to an exemplary 
inventors . aspect of the present invention . 

As illustrated in FIG . 2 , the system 200 includes a focused 
DETAILED DESCRIPTION OF THE ion beam ( FIB ) device 210 for preparing a transmission 

EXEMPLARY EMBODIMENTS OF THE 50 electron microscopy ( TEM ) sample , a broad beam ion mill 
INVENTION 215 for milling the TEM sample to remove a surface portion 

of the TEM sample , and a strain analyzer 220 for performing 
Referring now to the drawings , FIGS . 2-9 illustrate the NBD analysis on the milled TEM sample to acquire diffrac 

exemplary aspects of the present invention . tion data . 
With the continual reduction in semiconductor device 55 Unlike the related art system 100 in FIG . 1 which per 

dimensionality , the shift to three dimensional device geom forms NBD analysis on the TEM sample which has been 
etries ( finFETs ) , and the introduction of new materials damaged by the DBFIB 110 , the system 200 mills the TEM 
( SiGe ) , strain engineering of semiconductor structures has sample to remove a surface portion ( e.g. , damaged layer ) of 
become a valid method of architecting device electrical the TEM sample and performs NBD analysis on the addi 
performance . Strain engineering in semiconductor devices is 60 tionally milled TEM sample ( e.g. , on an underlying surface 
typically on the order of 1-2 % . However , some research of the TEM sample which has been exposed by the milling ) . 
devices are looking to engineer strain in structures at less Referring again to FIG . 2 , the structure input to the FIB 
than 1 % . device ( e.g. , the structure to be analyzed ) may include 

This has placed a demand on characterization techniques semiconductor structure such as a semiconductor wafer , a fin 
to provide strain information with a spatial resolution on the 65 field effect transistor ( finFET ) and a vertical field effect 
order of nanometers and a strain sensitivity of less than transistor ( VFET ) . In particular , the structure may include 
0.1 % . Thus , it is desired to manufacture a transmission silicon , germanium , SiGe , etc. 
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The FIB device 210 may use a focused beam of ions ( e.g. , accelerating voltage of the incident ion beam ( e.g. , gallium 
Ga ions ) to mill ( e.g. , machine , cut , etc. ) a TEM sample from ( Ga ) ions ) . Thus , for example , where the TEM sample S is 
the structure ( e.g. , semiconductor device ) . The FIB device finished with 5 kV Ga ions in the FIB device 210 , about 5 
210 may include , for example , a dual beam FIB ( DBFIB ) nm of a side ( e.g. , two parallel sides of the plurality of sides 
which includes a scanning electron microscope ( SEM ) to 5 S1 - S4 ) will be removed by the broad beam ion mill 215 . 
view the TEM sample as the focused beam of ions mills the In another exemplary aspect , to ensure that an undamaged 
TEM sample from the structure . surface ( e.g. , a pristine surface ) is exposed , the broad beam 
For example , the FIB device 210 may include a gallium ion mill 215 may be configured to remove more than 1 nm 

DBFIB tool used to mill and extract the TEM sample from ( e.g. , more than 1.5 nm ) per kV Ga ions . For example , in this 
the structure . The gallium DBFIB tool may generate an ion 10 exemplary aspect , where the TEM sample S is finished with 
beam column based on setting an accelerating voltage in the 5 kV Ga ions in the FIB device 210 , about 7.5 nm of a side 
range of about 0.5 kV to about 50 kV ( typically 5 kV and 30 ( e.g. , two parallel sides of the plurality of sides S1 - S4 ) will 
KV ) , an ion beam current in the range of about 1 PA to about be removed by the broad beam ion mill 215 . 
10 nA ( typically 50 PA - 9 nA ) , and a tilt angle in the range In another exemplary aspect , the broad beam ion mill 215 
of about 0 to about 52 degrees ( typically +/- 2 degrees during 15 may be configured so that a side ( e.g. , two parallel sides of 
TEM sample fabrication ) . The material sputter rate may vary the plurality of sides S1 - S4 ) of the TEM sample S is 
according the ion beam current and accelerating voltage , as inspected ( e.g. , by SEM ) during the milling ( e.g. , continu 
well as tool design and set up . ously or periodically ) , and the milling is ceased upon the 

The electron beam column of the DBFIB tool inspection indicating that the surface is pristine ( e.g. , suffi 
an accelerating voltage in the range of about 0.5 kV - 50 kV 20 ciently undamaged to provide an accurate strain measure 
( typically 5 kV ) . The beam diameter of the ion beam may be ment ( e.g. , greater than 0.1 % strain sensitivity ) ) . For 
about 1.0 nm to about 1000 nm , although small or larger example , the TEM sample S may be inspected after 1 nm per 
beam diameters may be contemplated . Also , in operation , kV Ga ions , and if the inspection reveals that the surface is 
the ion beam may be rastered back and forth to cover an area not pristine , then the broad beam ion mill 215 may mill 
which may be , for example , over 100 umx100 um . 25 another 0.1 nm per kV Ga ions a side , and so on , until the 

FIG . 3 illustrates a TEM sample S ( e.g. , parallel sided pristine underlying surface is exposed by the milling . 
sample ) which has been extracted from the structure 300 The broad beam ion mill 215 may utilize , for example , an 
( e.g. , semiconductor device ) by the FIB device 210 , accord argon ion beam having a size in a range from 0.5 um to 1.5 
ing to an exemplary aspect of the present invention . The um . Further , the broad beam ion mill 215 may be operated , 
TEM sample S may be machined from the structure by the 30 for example , at a current in a range from 0uA to 300 uA and 
FIB device 210 by using an in situ lift - out technique , or by a voltage in a range from 0 eV to 2000 eV . In a particular 
some other technique ( e.g. , H - bar technique , ex situ tech embodiment , the broad beam ion mill 215 may be operated 
nique ) . at a current in a range from 120 uA to 150 uA and a voltage 

FIG . 4 illustrates the TEM sample S , according to an in a range from 500 eV to 900 eV . 
exemplary aspect of the present invention . As illustrated in 35 Referring again to FIG . 2 , after the surface portion of a 
FIG . 4 , the TEM sample S may be lifted out of the structure side of the TEM sample S ( e.g. , two parallel sides of the 
300 by a probe and then transferred by the probe and plurality of sides S1 - S4 of the TEM sample S ) has been 
mounted onto a carrier 400 ( e.g. , a TEM half - grid ) while it removed by the broad beam ion mill 215 to expose an 
is still in a chamber of the FIB device 210. Final FIB milling undamaged underlying surface , then the milling of the broad 
may be performed while the TEM sample S is on the carrier 40 beam ion mill 215 may be stopped , and the milled TEM 
400 . sample S transported on the carrier 400 out of the chamber 

After the final FIB milling , the TEM sample S may , for of the broad beam ion mill 215 and into the strain analyzer 
example , have a width Ws in a range from 5 um - 10 um , a 220. The strain analyzer 220 may perform NBD analysis on 
depth Ds less than the width Ws and in a range from 2 um - 8 the milled TEM sample S to acquire diffraction data . 
um , and a thickness Ts smaller than the width Ws and the 45 FIG . 5 illustrates a strain analyzer 520 ( e.g. , a TEM / NBD 
depth Ds and in a range from 50 nm to 150 nm . instrument ) , according to an exemplary aspect of the present 

The TEM sample S may then be transported out of a invention . The strain analyzer 220 may be similar in design 
chamber of the FIB device 210 on the carrier 400 and placed to the strain analyzer 520. The strain analyzer 520 performs 
in a chamber of the broad beam ion mill 215. The broad NBD analysis on the milled TEM sample S. 
beam ion mill 215 may be used to mill a surface of the TEM 50 As illustrated in FIG . 5 , the strain analyzer 520 includes 
sample S in order to remove a surface portion of the TEM a beam generator 521 ( e.g. , TEM unit ) which generates a 
sample S which has been damaged by the milling performed collimated electron beam 522. The beam size of the electron 
by the FIB device 210. That is , the broad beam ion mill 215 beam in NBD mode 522 may be , for example , in a range of 
may be used to expose and underlying surface ( e.g. , a 0.5 nm to 5 nm . The collimated electron beam 522 is 
pristine surface ) which has not been damaged by the FIB 55 scattered off the atoms in the TEM sample S. 
device 210 . The strain analyzer 520 ( e.g. , TEM ) also includes an 

In particular , the TEM sample S may include a parallel objective lens 523 through which the scattered beam is 
sided sample in which case the broad beam ion mill 215 may passed , onto a receiving unit 524 ( e.g. , charge coupled 
remove a surface portion from two parallel sides of the device ( CCD ) ) which generates a diffraction pattern ( e.g. , 
plurality of sides S , -S4 of the parallel - sided sample . For 60 diffractogram ) ( e.g. , see FIG . 8C ) . 
example , referring to FIG . 4 , the broad beam ion mill 215 The sensitivity of the NBD technique utilized by the strain 
may remove a surface portion ( e.g. , a damaged portion ) from analyzer 520 may be determined by looking at the standard 
sides S , and S4 which have an area of DsxWs . The surface deviation of the NBD measurements in an unstrained region 
portion to be removed may include a thickness in a range of the structure compared to the reference diffraction pattern 
from 5 nm to 15 nm . 65 taken from the same region of the sample . One standard 

As noted above , about 1 nm of the surface of the TEM deviation ( o ) of this data set is accepted as the sensitivity of 
sample S may be damaged by the FIB device 210 per kV of the technique . 
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Referring again to FIG . 5 , the strain analyzer 520 may data from the second NBD analysis to determine an amount 
also include a processing device 525 ( e.g. , computer , micro of strain in the milled TEM sample . 
processor , server , etc. ) which is coupled to the receiving unit In the method 700 , the milled TEM sample and the milled 
524 and processes the diffraction pattern data generated by reference TEM sample may both be produced as discussed 
the receiving unit 524 , and output the results ( e.g. , as a 5 above for the TEM sample S ( e.g. , with the system 200 ) . 
display on a display device ) . For example , the results may be That is , for both the milled TEM sample and the milled 
presented as a plot of strain as a function of position . reference TEM sample , the FIB device 210 may be used to 

For example , the processing device 525 may execute a prepare a TEM sample and the broad beam ion mill 215 may 
computer program ( e.g. , F - Strain or Epsilon ) to read and fit be used to mill the TEM sample to remove a surface portion 
NBD maps and profiles in standard format . The program 10 of the TEM sample and produce the milled TEM sample 
may perform data analysis in three steps : First , each dif ( e.g. , the milled TEM sample and the reference milled TEM 

sample ) fraction pattern is filtered using an auto - correlation algo 
rithm . Second , an algorithm locates a number ( e.g. , 30 ) of EXAMPLES 
the most inner reflections in the diffraction pattern . Third , 
two dimensional grid is fitted to all ( e.g. , 30 ) spot locations , The inventors have performed tests using the system 200 
using the confidence level of each individual spot location and methods 600 , 700 , and the results of these tests are 
( ox , o , ) as weight in the fit of the grid . provided below . 

The base vectors of the grid are then compared to vectors For example , in one test , a sample was made on an 
imported from unstrained material , and the strain is deter- 20 advanced technology node finFET test structure and ana mined as E = ( grer - Estrain ) gstrain . A special filtering feature lyzed in a 200 kV TEM equipped with a 4 k camera and 
may also be used in the analysis , which makes it possible to commercially available strain analysis software using a sub 
measure strain in semiconductor ( e.g. , silicon ) devices even 5 nm parallel probe . The data compared here was obtained 
in the presence of other crystalline materials covering the on the same physical gate and as a result it was possible to 
probed area , which is important for the characterization of 25 align subsequent NBD scans with respect to each other to 
the next generation of devices ( e.g. , finFETs , VFETs , etc. ) . ensure the same area of the sample was being directly 
NBD patterns are commonly taken at image resolutions compared across data sets to within a few nanometers of 

ranging from 256 pixels2 up to 2048 pixels ? ( 2 k ) . The higher positioning . The strain profile of the structure ( not shown ) 
the number of pixels in the image , the smaller the detectable exceeded 1 % strain which allowed straightforward align 
displacement of the diffraction spots which can be detected . 30 ment of the data . 
The strain analyzer 520 of the present invention ( e.g. , FIG . 8A illustrates a bright field TEM image of the 
microscope detector ) may be capable of obtaining images semiconductor finFET gate ( e.g. , test structure ) , according to 
with a resolution of 4096 pixels ? ( 4 k ) . That is , the strain an exemplary aspect of the present invention . FIG . 8B 
analyzer 520 may use a TEM camera image resolution of at illustrates the same finFET gate as a DFSTEM image . In 
least 4000x4000 pixels to acquire a diffraction pattern ( e.g. , 35 addition , the line 850 in FIG . 8B indicates the line of 
diffraction data ) for the milled TEM sample S. analysis for acquiring NBD patterns on this sample . FIG . 8C 

Referring again to the drawings , FIG . 6 illustrates a illustrates a NBD pattern generated by the analysis on the 
method 600 of performing nano beam diffraction ( NBD ) semiconductor finFET gate illustrated in FIGS . 8A and 8B 
analysis , according to an exemplary aspect of the present using 4 kx4 k pixel resolution , according to an exemplary 
invention . 40 aspect of the present invention . 
As illustrated in FIG . 6 , the method 600 includes prepar In this test , the inventors determined that doubling the 

ing ( 610 ) a transmission electron microscopy ( TEM ) step size of the data acquisition from 5 nm per step 
sample , milling ( 615 ) the TEM sample to remove a surface ( o = 0.0753 ) to 2.5 nm per step ( o = 0.0716 ) changed in the 
portion of the TEM sample , and performing ( 620 ) NBD sensitivity of the data by about 5 % . It is important to note 
analysis on the milled TEM sample to acquire diffraction 45 that the 2.5 nm data set contained twice the number of data 
data . points for calculating o compared to the 5 nm data set over 

FIG . 7 illustrates a method 700 of performing strain the same distance in the sample . Changing the image reso 
analysis , according to an exemplary aspect of the present lution from 2 k ( o = 0.0867 ) to 4k ( o = 0.0753 ) showed an 
invention . improvement in the standard deviation of about 13 % across 

In the method 700 , a diffraction pattern ( e.g. , one or more 50 26 separate data points in each acquisition . 
diffraction patterns ) may be taken for a TEM sample S in a After the above data was obtained , the sample was 
strained region of the structure 300 , and a reference diffrac thinned using a broad beam Argon ( Ar ) ion mill operating at 
tion pattern ( e.g. , one or more reference diffraction patterns ) 900 eV to remove the damage layer on either side of the 
may be taken in the unstrained region of the structure 300 sample . Unfortunately the sample was excessively thinned 
( e.g. , a single crystal region ) . The position of the diffraction 55 ( greater than 50 % reduction in thickness ) during this process 
points in the two diffraction patterns is compared . The and the original gate of analysis did not survive intact . 
amount of displacement of the points may be considered to An alternative gate on the same sample was analyzed 
be due to the stress in the strained region and , therefore , a instead . When the same data points in the sample were 
measure of strain in the TEM sample S. compared for o , the pre Arion mill sample had a o of 0.0785 
As illustrated in FIG . 7 , the method 700 includes per- 60 and the post Ar ion mill sample had a o of 0.0718 . This is 

forming ( 710 ) a first NBD analysis on a milled TEM sample about an 8.5 % improvement in o . 
from a strained region of a structure to acquire diffraction As such a significant reduction in thickness of the sample 
data , performing ( 720 ) a second NBD analysis on a milled could have introduced other effects ( e.g. strain relaxation , 
reference TEM sample from an unstrained region of the significantly less diffraction events , etc. ) upon o , a second 
structure ( i.e. , the same structure ) to acquire reference 65 sample was fabricated and analyzed to determine if the 
diffraction data , and comparing ( 730 ) the diffraction data removal of the damage layer has an impact upon o . The 
from the first NBD analysis with the reference diffraction second sample was reduced in thickness on the order 15 % . 
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The 2.5 nm step size and 4 k camera resolution were used While the invention has been described in terms of one or 
to obtain the data from the same gate in the sample for the more embodiments , those skilled in the art will recognize 
comparison below . The before and after Ar ion milling os that the invention can be practiced with modification within 
were 0.099 and 0.083 respectively showing an 18.5 % the spirit and scope of the appended claims . Specifically , one 
improvement in o . 5 of ordinary skill in the art will understand that the drawings 

FIG . 9 provides a graph which plots the standard devia herein are meant to be illustrative , and the design of the 
tion of the NBD measurements in the tests performed by the inventive method and system is not limited to that disclosed 
inventors . Each point in the graph in FIG . 9 represents a herein but may be modified within the spirit and scope of the 
standard deviation for 220 strain ( e.g. , strain in the ( 220 } present invention . 
direction ) obtained from a diffraction pattern of a TEM Further , Applicant's intent is to encompass the equiva 
sample extracted from a structure ( e.g. , semiconductor struc lents of all claim elements , and no amendment to any claim 
ture ) . As noted above , one standard deviation of the data set the present application should be construed as a disclaimer 
is accepted as the sensitivity of the NBD technique . of any interest in or right to an equivalent of any element or 

All of the diffraction pattern images were obtained with a feature of the amended claim . 
4000x4000 pixel camera setting . The ordinate of the graph 
is the standard deviation of the diffraction pattern data What is claimed is : 
obtained on the TEM sample , and the abscissa is the number 1. A system for performing diffraction analysis , compris 
of diffraction pattern images . ing : 
As illustrated in FIG . 9 , the graph includes first standard 20 a broad beam ion mill for removing a surface portion from 

deviation data 980 for TEM samples which were not milled plural parallel sides of a sample to expose an underly 
by the broad beam ion mill ( i.e. , TEM samples prepared by ing surface of the sample ; and 
the related art system 100 ) , and second standard deviation an analyzer for performing diffraction analysis on the 
data 985 for TEM samples which were milled by the broad underlying surface of the sample . 
beam ion mill ( i.e. , TEM samples prepared according to an 25 2. The system of claim 1 , further comprising : 
exemplary aspect of the present invention ) . The graph also a focused ion beam ( FIB ) device for preparing the sample , 
identifies a first set 990 of the data 980,985 which was taken the mill removing a surface portion of the prepared 
from an unstrained region ( e.g. , including a sensitivity sample . 
calculation region ) of the structure , and a second set 995 of 3. The system of claim wherein the diffraction analysis 
the data 980,985 taken from a strained region of the struc comprises nano beam diffraction ( NBD ) analysis , the 
ture . sample comprises a transmission electron microscopy 
As illustrated in FIG.9 , the standard deviation for the data ( TEM ) sample , the broad beam ion mill removes the surface 

980 obtained for samples prepared without the broad beam portion by milling the prepared sample , and the analyzer 
ion mill was 0.0989 , whereas the standard deviation for the 35 comprises a strain analyzer . 
data 985 obtained for samples prepared with the broad beam 4. The system of claim 3 , wherein the analyzer performs ion mill was 0.0834 , indicating a significant improvement in the NBD analysis on the milled sample to acquire diffraction 
sensitivity of strain data obtained by the NBD technique by data . 
use of the broad beam ion mill . 5. The system of claim 4 , wherein the milling of the TEM The various experimental parameters and their corre 40 sample exposes the underlying surface of the TEM sample , sponding impact upon o are summarized in Table 1 below . and the strain analyzer uses a TEM camera image resolution 

of at least 4000 x4000 pixels to acquire the diffraction data TABLE 1 on the underlying surface . 
Experimental impact of parameters on o 6. The system of claim 4 , wherein the surface portion 

45 removed by the broad beam ion mill comprises a portion of 
% Improvement of o the surface of the TEM sample which has been damaged by 

the FIB device . Decreasing Step Size 
Increasing Image 7. The system of claim 4 , wherein the TEM sample 
Resolution comprises a parallel - sided sample , and the broad beam ion 
Removing Sample 50 mill removes a surface portion from two parallel sides of the Surface Damage parallel - sided sample . 

8. The system of claim 4 , wherein the surface portion 
Thus , based on the tests conducted by the inventors , it was comprises a thickness in a range from 1 nm to 45 nm . 

determined that oversampling the data acquisition by over 9. The system of claim 4 , wherein the surface portion 
lapping the NBD probe by 50 % ( 5 nm probe with 2.5 nm 55 comprises at least 10 % of a thickness of the TEM sample , 
steps ) leads to a negligible improvement in the sensitivity of and 
the technique . However , increasing the number of pixels of wherein the diffraction data comprises a sensitivity which 
each diffraction pattern from 2 k to 4 k ( e.g. , at least 4 k , or is less than 0.1 % . 
4000x4000 ) and removing the FIB prepared sample surface 10. The system of claim 4 , wherein the sample comprises 
damage both show improvements in NBD sensitivity greater 60 a sample from a structure , and the structure comprises one 
than 10 % . As a result , it is possible to obtain greater of a fin field effect transistor ( finFET ) and a vertical field 
sensitivity of the NBD technique by employing these effect transistor ( vFET ) . 
changes in response to the evolving characterization needs . 11. The system of claim 4 , wherein the broad beam ion 

With its unique and novel features , the present invention mill is operated at a current in a range from 120 uA to 150 
provides a system and method of performing nano beam 65 uA and a voltage in a range from 500 eV to 900 eV , and 
diffraction ( NBD ) analysis which may provide diffraction utilizes an argon ion beam having a size in a range from 0.5 
data having a sensitivity which is less than 0.1 % . um to 1.5 um . 
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12. A method of performing diffraction analysis , compris sample , and the strain analyzer uses a TEM camera image 
ing : resolution of at least 4000 74000 pixels to acquire the 

removing a surface portion from plural parallel sides of a diffraction data on the underlying surface . 
sample using a broad beam ion mill to expose an 17. The method of claim 15 , wherein the preparing of the 
underlying surface of the sample ; and 5 TEM sample is performed by using a focused ion beam performing diffraction analysis on the underlying surface ( FIB ) device , the milling of the TEM sample is performed by of the sample . 

13. The method of claim 12 , further comprising : using a broad beam ion mill , and the surface portion 
before removing the surface portion of the sample , pre comprises a portion of the surface of the TEM sample which 

has been damaged by the FIB device . paring the sample . 
14. The method of claim 13 , wherein the diffraction 18. The method of claim 17 , wherein the milling of the 

analysis comprises nano beam diffraction analysis , the TEM sample is performed by a broad beam ion mill which 
sample comprises a transmission electron microscopy is operated at a current in a range from 120 uA to 150 u and 
( TEM ) sample , the removing of the surface portion com a voltage in a range from 500 eV to 900 eV and utilizes an 
prises milling the prepared sample , and the performing of 15 argon ion beam having a size in a range from 0.5 um to 1.5 
the NBD analysis comprises using a strain analyzer to wherein the TEM sample comprises a parallel - sided perform the NBD analysis . 

15. The method of claim 14 , wherein the NBD analysis is sample , and the broad beam ion mill removes a surface 
performed on the milled sample to acquire diffraction data . portion from two parallel sides of the parallel - sided 

16. The method of claim 15 , wherein the milling of the sample . 
TEM sample exposes the underlying surface of the TEM 

10 

um , and 


